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METHODS FOR FOAM CLEANING COMBUSTION TURBINES 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present rnvention generally relates to methodsfor foam deantng conA>iiston 
turbines. More spectfically, the present Invention is directed to methods for cleaning 
contaminants adhering to the Internal suriaoes of the compressor, combustion and 
turbine sections of a combustion turbine by pumping one or more foamed cleaning 
solutions therethrough. Also discussed is a manifold for temporarily bloddng ttie air 
Intake opening of the compressor section of a combustion turbine to facilitate such 
cleaning. 

IL Descifption of the Background 

CombusBon turbines are used in a multitude of appRcations, including aviation, 
shipping, chemical processing and power generation. In combustion turbine power 
generation facilities, efBciency can be Improved by supplementing the electrical power 
generated directly from the combustion turbine with recovery units designed to capture 
heat from the exhaust gas generated by the turbine. This heat can be used to produce 
steam to drive a steam turbine, operate steam driven equipment or provide heat to 
chemical processing facilities, thus improving the effidency of the power generation 
facilities. 

As used herein . the term combustion turbine refers to any turbine system having 
a compressor section, a combustion section and a turbine section. The compressor 
section is designed to compress the Inlet afr to a higher pressure. Atomized foel is 
injected into the combustion section where it is combined with the compressed inlet air 
and oxidized. Finally, the energy from the hot gasses produced by oxidation of the fuel 
is converted to work In the turbine secHon. While fuels typically comprise natural and 
syntheticgases (mc^tiy methane), other hydrocarbons, including liquified natural gases 
(LNG), butane, kerosene, diesel aiKl foel oils may be employed. The expanding 
combustion gases power the turbine by toming the nMatIng blades of the turbine 
secl3ons as they escape the combustion section. The compressor section is 
mechanically powered by a rotor comprising a rotor shaft wtth attached turbine section 
rotating blades and attached compressor secAon rotating blades. In power generaffon 
fadllt'ies, the rotor drives an associated electrical generator. Alternatively, the rotor may 
be used to power chemical process equipment While the exhaust gas may merely be 
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discarded, preferably it Is recovered as additional heat energy often being used to 
produce steam in power generertlon facilities. 

The overall efficiency of a combustfan turbine engine is heavily dependent on the 
efficiency of the compressor The pressure ratio of the compres^r, I.e., the ratio of afr 
pressure at the compressor outlet to air pressure at the air inlet, is one of ti^e significant 
parameters which detennines the operating eflicfency of the compressor. The higher 
the pressure ratio at a given rotational speed, the greater the efficiency. The higher 
the air pressure at the outlet of the compressor, the greater the energy available to 
drive the turbine downstream of the compressor and hence to generate power or 
produce thrust. 

In axial flow compressors, pressurizatlon of air is accomplished In a 
multiplicity of compressor stages or sections, each stage being comprised of a natatlng 
multhbtaded rotor and a non-rotating multi-vaned stator WIQtIn each stage, the airflow 
Is accelerated by the rotor blades and decelerated by the stator vanes with a resulting 
rise In pressure. Each blade and vane has a precisely defined airflow surface 
configuration or shape whereby the air flowing over ttie blade or vane is accelerated or 
decelerated, respectively. The degree of air pressurizatfon achieved across each 
compressor stage Is directly and significantly related to the precise air foil surface 
shape. UnforUinately, the surfaces of the compressor blades and vanes become 
coated with contaminants of various types during use. Oif and dirt sucked In through 
the air Intake become adhered to the blade and vane surfaces of the compressor 

Deposits build up on compressor blades during normal operation causing 
reduced airflow through the compressor section of combustion turbines. Such deposits 
are often the result of the ingestion of hydrocarbon oils and greases, smoke, dust, dirt 
and other particulate air pollutants through the air intake of the combustion turbine. 
Upon tonnation of a hydrocarbon film upon the internal surfaces, including both the 
rotating blades and stationary vanra, of the compressor, additional particulates pulled 
through the compressor become trapped. As the airflow through the* compressor 
sectton diminishes, the compressor dlsdiarge pressure drops, resulting in a reduction 
fn compressor efficiency and power output from the tortMne. The resulting inefficiency 
causes an increase In fuel cx>nsumpt[on and a loss In power generation output. 
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Aluminum and other metal substances erode from other parts, e.g., clearance 
seals of the engine, and are also deposited on the blades and vanes. Metals contained 
fn the fuel, parUculariy heavy metals suirfi as magnesium and vanadium, deposit on the 
combustion and turbine blades and vanes* All of these surface deposits alter the Ideal 
air foil sujiace shape, disturbing tiie desired a!r flow over the blades and vanes. This 
results In a rsduotbn in the pressure rise across each successive turbine stage and a 
drop In overall turbine efFiclency. 

Qas turbine compressors have been periodically cleaned to remove the 
build up of particulates on internal components. Some of this cleaning has been 
performed wifiiout full shutdown of the combustion turbine, while oth^ cleaning 
methods have required not only fiill shutdown, but even disassembly of the turbine. 
Materials used in such deaning operations have included water, ground pecan hulls, 
Goice paritdes and chemical cleaning mixtures which have been sprayed, blown or 
othenMse injected &ito the inlet of the combustion turbdne after it has been configured 
for such a deanrng openation. 

Removal of contaminants from the blades arKl vanra of in service compressors 
Is desirable to restore compressor and engine efficiency. Since It Is both time 
consuming and expensive to disassemble the engine, methods capable of removing 
these contaminants without disassembly of the engine are desirable. Furthermore, any 
method utilized to remove the contaminants must not interfere with the structural or 
metallurgical integrity of the components of the engine- Acceptable methods must be 
capable of removing the contaminating materials without attacking engine components 
constructed of similar materials. Because many liquid solvents also attack the engine 
components, the injectton of ilquid solvents into the engine has often proven to be 
unacceptable. 

Abrasive partides impinging upon the contaminated surfaces will also dislodge 
contaminants, hiowever, abrasive materials have proven to be unsafJsfiactory. Such 
materials are often overly abrasive, not only distodging contaminants but also 
destroying the surfoce smoothness of the blades and vanes. Furthemiore, some of 
these abrasive materials generally remain wKhin the engine. If non-comtHJStible, these 
materials may dog cooling holes of the turbine components and restrict needed cooling 
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afrflow. If oombusHbie, these materials may produce residues which dog tie cooling 
holes. 

A generai dfscu^n of oomppessor section deanhig may be found In Scheper, 
et ai. "iVIarntalning Gas Turbine Compressors for High Efficiency - Power Engineering, 
August 1 978. pages 54-57 and aser," Experience Gained in Cleaning the Compressors 
of Rolls-Royce Turbine Engines." arewnsMVa/me-Kraff, 6, September 1973, pages 
347-346. Several exemplaiy prior art cleaning n^fliods are described in mwe detail 
t>eiow. 

Many prior art methods merely sprayed water into the air intake of an opeiatfrig 
combustion turbine. United States Patent No. 4.196,020 to Hornak, ^ at. discloses a 
wash spray apparatus for use v/Wn a combustion turbine engine. The appanrtus 
indudes a manifold having a plurality of spray nozzles symmetrlcaUy disposed about 
the air Intake of a con^ystlon turbine en^ne. Water Is sprayed under pressure from 
these nozzles Into the Inlet of the compressor during operation. The inlet air Is used to 
cany tiie atomized water mist through the turtilne. Some of tie deposits, generally 
those at the front of the compressor, are contacted by the water and washed away, 
resulting In some Improvement In efHdency. A similar system is disclosed by 
McDennott In United States Patent No. 5,01 1 .540. The McDermott patent discloses a 
manifold having a plurality of nozzles for mounting In front of the air Intake of a 
combustion turbine. McDennott proposes that a cleaning solution be Injected into the 
air oitake as a cloud dispersed in the less turtjulent air found at the periphery of the 
intake. IMcDermott asserts that dispersal In the less turbulent air improved deaning. 
Sltrritar water injection sysienw are arallabie from turbine manufacturers for installation 
during construction of tie turbine. Alternatively, these systems may be purchased as 
afterrnarket items. 

It has been criseerved. howefver, that water W£»hes such as tlwse described 
above only dean the first lew raws of ccmiprsssor blades and vanes, ft Is believe that 
tiis phenomenon is the result of both the h^h temperature and oentrHiigd forces 
generated In theopererting compressor. These condittons cause the wat^to be thrown 
to the outskJe of tie turbine and to be evaporated before effective clearing throughout 
tie teng^ of the compressor sedton can be achieved. Further, watw washes provide 
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no benefit with respect to fouling occurring in the combustion and turbine sections of 
the turbina 

Attempts to improve cleaning efficiency resulted in the development of higher 
boiling cleaning solutions. For example, United States Patent No. 4,808,236 to 
Woodson, etaL discloses cleaning fluids having relatively low freezing points, together 
with higher boiling points, to Improve penetration and cleaning of the back rows of 
compressor blades. Woodson suggested that cleaning solutions comprising glycol 
ethers would proirfde improved cleaning throughout the lengfii of the axial compressor. 
While addressing the evaporation problem, however, Woodson's solution did not solve 
4ie problem resulting from centrifugal forces developed as the turbine spins during 
operation. 

Otfier attempts to improve cleaning efficiency were directed to off-line methods. 
Systems dmilar to those just describe were employed in oonjiincUon with more 
rigorous off-line chemical cleaning procedures. During these openatlons, the unit is not 
fired. Atomized cleaning solutions, typically aqueous surfactant wlutlons, were drawn 
through the compressor by spinning the unit at a speed of about 1 ,000 RPM. While 
more effecUva than the previously described on-4lne cleaning procedures, the unit must 
betaken outof sendee, thus, increases costs through loss of output during the cleaning 
operation. 

Some prior art systems employed abrasive partfcies in ofHIne cleaning. 
Unfortunately, non-combustible abrasive particles often dogged small cooling holes in 
the turbine blades, while combustible particles produced further residues on the blades- 
In an effort to overcome those deficiencies. United States Patent No, 4,085,322 to 
Langford suggested that abrasive particles of coke having a cartxin content of at least 
70 percent4>y-welght and a volatile matter content of less *ian 8 percent-by-welght be 
entrained In the Inlet alrstream and directed to impinge upon the contaminated 
surfaces. While ttiese combustible coke abrasives avoided nrany of the problems found 
with prior art abrasive particles, ftey stiil did not provide a complete and full cleaning 
of the Internal surfaces. 

Accordingly, Ihose skilled in the art have continued to seek improved methods 
for cleaning combustion turi3lnes. Desdralrie methods should be capable of cleaning the 
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Wades and vanes throughout the lengttt of an axial compresaor and aJso of cleaning the 
blades and vanes in the combusflon and turtine sections of the engine. Further, 
acceptable methods must not attack the engine components themselves. Thus, there 
has been a long felt but unfulfilled need for Improved and more efficient meftods for 
cleaning oontambiants from combustion turbine engines. The present Invenfion solves 
those needs. 

SUMMARY OF THE INVENTION 

The present invention is directed to methods Ibr removing contaminants. 
Including films, particulates, metals and other combustion products deposited In the 
compressor, combustion and turbine sections of a combustion turlsine. In the methods 
of ttie present invention a foaamd dearting sdluSon Is punrq^ed through the air ints^e 
of the conppessor section of the tuftine so that the compressor sedion Is filled with the 
foamed solution. The present Invenfion preferably employs a manifold for temporarily 
blocking the air intake of the compressor section of the turtilne to facilitata the cleaning 
methods of the present hivention. 

In the methods of the present inventton, a foamed cleaning sohifion is inepared. 
Because the main contaminants In the compressor section are oRs< greases and other 
hydrocarbons, along with entrapped dirt and dust, ingested with the air, an aqueous 
solution of a surfactant is prefemed. An additional foaming agent is often Included In 
these soluttons. Thefoamed cleaning solution is pumped through the air intake into the 
compressor sectton of the combustion turbine. The foamed solutton penetrates and fills 
all of the cavities of the compressor section of the turbine, thus bringing the solution into 
contact with wntaminants covering all of the surface area of tt»e blades and vanes 
disposed In the compressor section. Accordingly, a very thorough cleaning Is obtain^l. 
After passing through the compressor section, the foamed cleaning solution passes 
through the combusttonand turbine sections where additional soluble contaminants are 
removed. Upon exiting the turtdne section, the solution may be contacted with an anti- 
foaming ag^nt to break the foam to a llquM. The lk]uld is flwn drained or removed ftom 
the turbnne by any approi^'iate means. 

In a preferred embodiment of the present metfKKj, a second, foamed cleaning 
solution suitatjie Ibr removing contamftiants pirtduoed durkig Vne combustion prx9cess 
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and deposited on the internal surfiaces on the combusttan and turtJine sections is 
prepared. These contaminants often include heavy metals and their oxkjies. together 
with sheHacs, varnishes and other hard combustion residues. Accordingly, prefen-ed. 
cleaning solutions include aqueous solutions of an acid and a foaming agent Suitable 
adds include both organic and inorganic acids. Particularty preferred are dilute 
solutions of the minaral acids. These solutions often Include an appropriate conosion 
inhibitor. Because the acidic cleaning solutions are typically not needed to remove 
contaminants from the compressor secHon and because these stronger solutions may 
attack and damage the vanes and blades therein, these stronger cleaning solutions 
should be preventadfivm entering the compressor section. In a prefemad embodiment, 
this goal is acoompiished by InWally filling the compressor secttan with a first. ft>amed 
cleaning solution appropriate for cleaning the compressor section and continuing to 
pump that first solution through the compressor section while pumping the second, 
stronger cleaning solution through the combustion and turbine sectons. 

Cleaning may oonfinue untH the prepared deaning solutbns are exhausted. 
However, in a preferred method, the removed liquid is monitored for one or more 
contaminants, including metal content, to determine the prepress of the cleaning. 
Cleaning is stopped upon reaching a predeisrmined value ^ the monitored 
contaminant. 

The prepared foams prc>vide acceptable cleaning results throughout a wide 
temperature range. While they typically function throughout tiie full temperature range 
wrtierstheunderiying solution is liquid, i.e.,fiom about 32°F to about212Tforaqueous 
solutions, they are most often used at temperatures ranging fipom ambient, i.e., about 
40-80'>F, to about 2O0'F. Because the efl'ectiveness of most cleaning solutions is 
improved at higher temperatures, most foamed solutions are used at a temi^erature of 
about 160-180*F for maximum efficiency. 

While the pumping rate for the foamed solutions can vary greatly, depending, in 
part, on ttie consistent on the foam, preferred pumping rates for most foams are in the 
range of about 6-50 gaibns per minute, more preferabiy about 1 0-20 gallons per minute 
^d most preferabiy about 15 gallons per minute. 
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White it rs not necessary to turn the turbine during the cleaning opeiatfon, ft is 
believed that penetration of the foam is Improved by slow cranldng of the turbine. 
Accordingly, it is preferred that ttie turbine be tum^ at a speed not exceeding about 
10 RPM, preferably about 5 RPtVl during the pumping operations- 

At the conclusion of the cleaning operation the foamed cleaning solutions 
remaining within the turbine are easily rerroved by rinsing the turbine with a foamed 
water rinse. Finally, the turbine may b© dried before being returned to ser/ice by 
spinning at a speed and for a time sufficfejit to dry the turbine, typically about 500-1 500 
RPM and preferably about 1,000 RPM for about 10-30 minutes. 

The manifold of the present Invention provides a means for temporarily blocking 
ttie air Intake opening of the compressor sedion of a combustion turUne. }n an 
embodiment designed for use with an axial, bdl-shaped air Intake, the manifold 
comprises a bonnet for oompletely covering the air intake opening of the compressor 

» 

section of the combustion turi^ine. The manifold includes means disposed about the 
periphery of the bonnet for producing a temporaiy seal with the air inteke opening. 
Finally, the manifold includes at least one connection through the tx^nnet through which 
a foamed cleaning solution can be delivered through flie air Intake to the compressor 
section. 

In the preferred embodiment the means for producing a seal comprises a 
resillently deformable band, preferably an elasflc band, most preferably an inflatable 
tube, disposed about the periphery of the body, whfch, when Inflated, provides an 
effective seal therewith. In a preferred embodiment, at least a portfon of the bonnet is 
flexible, being comprised of a deformable material, preferably a reslliently deformable, 
naturaf or synthetic efastomer (n order to increase the vofume of foam input to the 
compressor, the manifold preferably Includes a plurality of symmetrically disposed 
connections. In the nr^t preferred embodiment, the flexible body is generally circular 
in shape having an inflatabie, tubular ring disposed about the periphery thereof for 
providing a seal about the bell-shaped air intake opening of an axlai compressor. 

In an alternative embodiment, a manifold for providing a temporary blockage of 
a radially outwardly operdng air Intake or an air intake having a generator driven from 
the intake end of tfie turbine Is provided. Such a manifold comprises a manilbid body 
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havlng two, substantially parallel sides. The manifold ftjrther Includes means disposed 
along each substantially parallel side for sealing with the outwardly opening air intake, 
together with at least one connection through the manifold body through which a 
foamed cleaning solution can be delivered thn^ugh the afr Intake to the compressor 
sectton. The nnantfold body is generally cylindrical in shape or, alternatively, Indudes 
releasabie fastening means for forming the body into a cylindrical shape after 
installatfon. Again, the means for sealing may comprise resiliency deformable bands, 
preferably elastic bands, more preferably comprising inflatable tubular membem 
extending afong the periphery of the parallel sides of the body. 

When installed, the manifold of the present inventton provides a convenient 
means for pumping a fbam^ cleaning solution thrcaigh the compressor section of a 
combustion turbine to perfomi the cleaning methods of the present Invention. By 
employing the cleaning methods of the present invention, contaminants in both the 
conpressor sectfon and in Ihe combustion and turislne sections of a combustion turbine 
are conveniently and effocSv^y removed in order to Improve tfie compressor and 
turblnedischarge pressures and the turbine power output, thus lmplo^rtng the efficiency 
and economy of the combustion turbine. 

Thus, the tong felt, but unfulfilled need for Improved meSiods for cleaning 
combustton turbines has been met These and other meritorious features and 
advantages of the present Invention will be more fiilly appreciated from the following 
description and claims. 

BRfEF DESCRIPTION OF THE DRAWINGS 

Other features and intended advantages of the present inventton will be more 
readily apparent by reference to the following detailed descripfion In connection with the 
accompanying drawings wherein: 

Fig. 1 provides an overview of a typical combustion turfjine power generation 
facility (the affiliated electric generator Is not actually shown In Fig. 1 , but is presumed 
to be apparent) used to generate electric power from the combustion of fuel with atr; 

Fig. 2 is a partial cross secSon Blustraflng an exemplary combustion turtslne 
engine having an axial oompressor with an axial air Intake; 
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Fig. 3 Illustrates the OTmbustlon turbine engine of Fig. 2 as view^ from the left 
lookmg into the compressor air Intake and illustrating a manHbld for injecsting foam 
therein; 

Ffg. 4 is a partial cross sec&on of the air intake of an axfaf compressor having a 
radially outwardly opening air intake and Illustrating a manifold for injecHng a foamed 
cleaning solutton fiierein; and 

Fig. 5 is a partial cross sectton of the exhaust end of a combustion turbine 
lllusttating an exemplary manffbid for cdlapsing foam exiting therefrom. 

While the Invention will be described in connecUon with the presently prefen-ed 
embodiment, It wtil be understood that this is not Intended to limit the invention to that 
embodiment To the contrary, it Is intended to cover all altematives, modifications and 
equivalents as may be included in the spirit of the Inventton as d^ned In the appended 
claims. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides improved methods for removing contaminants 
deposited on the blades and vanes of the compressor, combustkin and turbine sections 
of a combustion turbine. The present Invention provides impn^ved, off-line methods for 
cleaning such tuifclnes by using a manifold to pump a foamed deaning solution through 
the air intake of the combustion turbfna 

The present invention is readily understood by reference to the operation of an 
otherwise convenaonal, combustton turbine powergeneratfon facility such as illustrated 
in Fig. 1 . Fjg. 1 provides an overview of a combustion turbine power generation facility 
1 50. Combustion turbine engine 100 Is employed to generate electric power firom the 
combustion of tiiel with air. For simplicity, the associated electric generator is not 
HlustratedlnFlg. 1. 

Depending on the fnstailafion, the electric generator can be driven from either 
the inta to end of turbine i^glne 1 00 via shaft 1 28 orfrom the exhaust end (not shown). 
Combustion turbine engine 100 draws air from air Intake system 130. System 130 
comprises fiit«r room 132 having one or more walls composed of Inlet air filters 134. 
Filter room 132 is connected via air duct system 136 to the comprBssorsectbn 102 of 
combustton turbine 100. inlet air duct system 136 is comprised of a convergent portion 
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138, a oonstricted flow portion 140 and an inlet afr durt manifold portion 142. Access 
to the inlet air passage of oompressorsectton 1 02 may be obtained by entry Into the air 
duct system 136 through a amall door (not shown) or by temporarily removing manifold 
portion 142« 

In addifon 1o compressor section 102, combustion turbine 100 includes a 
plurality of fuel atonrrizatfon chambers 104 leading to combustion section 106 and 
turbine section 108. Finally, hot gasses are expelled through exhaust secfion 70 to 
heat nsscovery unit 144 where steam may be generated firom the esdvaust gas^ of 
combustion turbine 100. Common uses for the steam generated in heat recovery unit 
144 are the generation of electric power from a steam turbine, operation of steam 
driven equipment or delivery of heat to chemical processing fiacllities. 

Tuming now to Fig* 2, an exemplary oombustton turbine suitable for cleaning by 
the methods of ihe present invention is illustrated in ftirther detallr Combustion turbine 
engine 100 is illustrated mounted upon stdd 76 using a plurality of mounting brackets 
74, Combustton turbine 100 comprises compressor section 102 for compressing air 
drawn through axial compressor inlet 20. Fuel injected Into alomization chamber 104 
IS mbced with compressed air and oxidized In combustion chamber 50 within 
combustion section 106, \Nork Is extracted from the resulting hot gasses in turbine 
section 106 prior to their expulsion as exhaust gases ttirough exhaust section 70. 

The compressor a(r inlet comprises axial compressor inlet 20 fontxed between 
bell-shaped inlet shell 22 and air axial inlet shield 24. Inlet air is directed around a 
series of first stage stators or support vanes 26 thr?ough inlet air passage 28 to 
compressor chamber 30. The air is compressed In axial compressor section 102 by 
passage ttirciugh a series of compressor stages 40, each stage comprising a plurality 
of stationary compressor stater vanes 32 disposed symmetrically atx3ut a segment of 
compressor shield 42 and a plurality of rotating compressor notor blades 34 disposed 
symmetrically about the drcurnference of a compressor rotor disc 36. The compressor 
comprises a plurality of stages 40 with the output of each stage being the input of the 
next. A corresponding pluraltiy of oompiesaor discs 36 with £^sociated blades 34, 
secured together by a plurality of rods 38 and fixed to notor shaft 128 comprises the 
routing portion of the compressor found within oompressor housir^ 42. 
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After compression In axial compressor section 1 02 ttirough operation of a series 
of ocwnpresBor stages 40, the compressed air flows through air passage 44 and 
combustlOTi seclfon Inlet 46 Into combustion (Camber SO for msdng with fiiel atomized 
by fuel injectors 54 In fuel afomlzation chamber 104. As flluslrated. each atomfeatlon 
chamber 104 Indudes three Injectors 54 mounted in fuel atomization unit 52. For 
simplicity, fuel lines leading from a fuel source, e.g., a hydrocaiton gas or liquid, to the 
Injectors, have not been illustrated. Exemplaiy fiiel sources Include natui^l and 
synihetfcgases (most preferably m^ane), liquified natural gas, ke«X)sene, dlesel and 
fuel oil, all of which are raadily vaporized or atomized in diamber 104. 

The atomized or vaporized fUel Is burned in combustion chamber 50 disposed 
within combustion housing 58. Burning of the fuel mixed with the compressed air 
generates hot. pressurized gases for use In driving turbine section 108, These hot 
gases pass Into turtJine chamber 60 within turbine housing 68 passing over statfonaiy 
fejriDine stator vanes 62 and rotating turbine nator blades 64 disposed about the 
periphery of turbine rotor discs 66. In many cases, the turbine section rotor blades 64 
and stator vanes 62 have multi-layered surfaces or coated surfaces to enable the use 
of higher temperature hot gases. Turtsine section 108 Includes a series of turbine 
stages 78 which incrementally convert the energy of the hot pressurized gas into woric 
manifested by rotation of rotor shaft 1 28. Rotating d iscs 66, attached to rotor shaft 1 28 
and coupled through rotor shaft 48 to compressor discs 36 also provide ifte driving 
force for compressor section 102. 

Turblne section 108 provides an exhaust gas having lower temperature and 
pressure than the hot pressurized gas which exited combustion section 106. The 
exhaust gas exits turbine 1 00 via the passage fomied between exhaust housing 78 and 
central exhaust shield 72. The heat still remaining in this gas is often recovered In heat 
recovery unit 144. 

In the methods of the present Invention, a foamed cleaning solution, typically 
comprising an aqueous solution of a surlectant Is pumped through compressor section 
1 02 as illustrated by the arrows. Many surfactants can be adequately foamed without 
addition of a separate foaming agent t-iowever, if desired, a separate foaming agent 
can be included. 
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Those skilled in the art w!li be adept at selecting a suitable surfactant based 
upon an initial analysis of tfie contaminants present. Suitable surfadants Include ttie 
anionic, catfonic, nonfonicandZwitterionicsurfactantsandmixturesthereoft Exemplary 
anionicsurfactants include sodium alkyl diphenyt oxkJe sulfonates, sodium naphthalene 
suribnate, sod(um dodec^l sulfate and sodium dodecyl benzenesutfDnate. Cationic 
surfoctants Include iauryiamlne hydrochloride and cetyltrimethylammonfumbromlde . 
Poly (o)qrethylene) alcohols and alkylphenol ethoxylates are exemplary nonlonic 
surfactants. Finally, appropriate Zwitterionic surfactants may Include 
iaummfdopropylbetalne and oocoamldo-2-hydroxypropylsuifobetaIne. 

Conventional m^ods. Including application of compressed air and/or nitrogen, 
are employed to produce the required foamed solutions. While many suifactants will 
produce adequate foams without the addition of a foaming agent, improved foams can 
olten be produced with addition of appropriate foaming agents. Exemjidary foaming 
agents indude the alkanolamides, all^phenol ethoxylates, cocoamido-2- 
hydroxypropyisuHbbetaine, lauramidopropyibelaine, po!y(oxyethylene) alcohcds, 
poly(oxypropylene) alcohols, canolamldopropyl eihyldimonium ethosuKatei, potassium 
cocoyi hydrolyzed collagen, polysiloxane polyether copolymers, cocoamidopropyl 
betaine, gelatin, PG-hydroxyethylcellulose cocodimonium chtorideand mfxtures thereof. 

In the methods of the present invention, a manifold 10 is placed over axial 
compressor inlet 20 for delivering the foamed cleaning solution to compressor seclfon 
102. A presently prefemsd manifold for use with an axial compressor in the methods 
of the present invention is illustrated In Figs. 2 and 3. ManHbid 10 oomprises bonnet 
12 for completely covering the air lntal<e opening 20 of compressor section 102- At 
least a portion of bonnet 1 2 preforably is flexible in order to permit installation about air 
intake 20 vyrthin the cramped confines of intake filter system 1 30. Bonnet 12 is typically 
circular in shape and may conveniently bo comprised of a cloth coated with a natural 
or synthetic elastomer. Altemativeiy, bonnet 12 is formed of a reslliently deformable 
material, e.g., a synthetic or natural elastomer. Disposed about the periphery of bonnet 
12 Is a means for forming a temporary seal with compressor inlet shell 22. One means 
of providing the required seal is illustrated by an elastic band 14 disposed about the 
periphery of manifold 10. in the preferred embodiment Blustnated In Fig. 2, resilient 
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band 14 actuaUy comprises an Inflatable tube 16 which, when inflated, provides the 
required seaL Finally, manifold 10 includes a piuralily of symmetrically disposed hose 
oonnectkwis 18 through whfch a foamed cleaning solution may be pumped into the 
compressor secHon 102 through air intake 20. Hose connections 18 preferably have 
a diameter of about (wo Inches and are adapted for connection to conventional foam 
ddiveiy lines. 

Rgure 4 llluetFates an alternative embodiment of the manifold of the present 
Invention intended for use with a radially outwardly facing air intake encountered in 
some installattons. The air Intake opening of radial compressor inlet 120 Is defined by 
compressor Inlet shield 22 and radial compressor inlet shield 124, resulting in an 
outwardly facing air intake extending a foil 360' around the compressor opening. 
Manifold 1 10 comprises manifold body 112 having two substantlaliy parallel skies for 
covering the radially outwarelly opening air Intake 120 of compressor section 102. 
Manifold 1 10 further includes at least one hose oonnectton 1 18 through manlfoW body 
1 12 through which a foamed cleaning solution can be delivered through air intake 120 
to compressor sectfon 102. Preferably, a plurality of connections 118 are disposed 
symmetrically about manifold 110. 

Affixed along each parallel side of manifold 110 is a means for temporarily 
producing a seal with the outwardly opening ends of shields 22 and 124. Acceptable 
seal means include resiliently deformable members affixed atong the periphery of each 
of the parallel sides of manifold 110. Bands 114. preferably comprising a natural or 
synthetk: elastomer, and most preferably comprising an inflatable tube 116 have been 
found to provide satisfactory and convenient means for producing the required seal. 

In a prefenred embodbnent, manifold 110 comprises a cylindrical body of the 
appropriate size body 112 having inflatable, tubular membere 1 1 6 afflxed on each end 
hereof for rapid installaflon and removal. Because oombusflon turbines 100 come In 
many sizes, having air intakes of varying diameter, a number of manifolds 110. of 
varying size may be required. Aftemafiveiy, a manifold 110 having an adjustable 
circumference is readily produced Itom an etongatad manifold body 112 having 
releasable fastening means. e.g., a Velcro^ype fostener, disposed between inflatable 
tubular membere 116 afTo^ atong its parallel sid^. Such a manHbkf 110, can be 
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positioned around a radiaJly outwardly opening Intake 120, engaging the releasable 
fastener to produce a manifold 110 of any required circumference. 

While some foams will collapse on their own. It Is prefen*ed that the foam exiting 
the turbine be collapsed to fadllrtate waste recovery. Turning to Fig. 5, an exemplary 
antMbam manifold 80 is {HusliBted. Manifold 80 comprises a plurality of nozzles 82 
connected via manifold 80 to hose 84 for supplying a conventional antf-foaming agent 

Those skilled in the art will be able to select an appropriate ant^foaming agent 
from conventional chemicals. Exemplary anti-foaming agents include blends of 
hydrocarbons and fatty derivatives, blends of organic esters and mineral oils, fatly 
esters In hydnocari^ons, linear saturated Ctwa alcohols, oleyl alcohols, 
polydimethylsHoxane polymers, silica filfed polydimethyl siloxane, glycol ester, and 
ethoxylated tetramethyl decynedfoi and mixtures thereof. 

Nozzles 82 deliver a spray of anti-foaming agent to collapse the loam 90 exiting 
exhaust section 70 to a liquid 92 recovered in drain 86- An alternative foam breaimg 
system may simply comprise a tube havir^ a series of holes therein inserted through 
a port: in the top of exhaust housing 70 for delivering a spray to e)dting foam 90 which 
can be recovered through a drain (not shown) in the bottom of housing 70. 

In operation, combustion turbine 100 is taken off-line and raoied to the 
temperature range desired for cleaning. Wtiile aqueous foamed cleaning solutions 
function over a broad temperature range, typicaSy extending from about the fteezlng 
to about the boBing point of Hie underiying soJutlons, most cleaning operations are 
<x)nducted at temperatures from ambient, Le., about 40-'80'F to about 200'*R However, 
in order to maximize efficiency, the preferred temperature range for nxjst cleaning 
solutions Is about ISO-ISO^^F. After manifold 10 or 110 is installed over axial 
compressor inlet 20 or 120, tubular member($) 16 or 116 are inflated to provide an 
appropriate seal. 

The desired cleaning solution, e.g., an aqueous, surfactant solution, Is prepared. 
The solution is foamed just prior to use by mixing the prepared aqueous solution with 
compressed air at the proper ratio to generate a foamed soiuffon having the 
conslstenqir of shaving cream. Any conventional deaning soiutton appropriate for 
removal of the ^eclfk: contaminants in the compressor sectton, t^ically oils, greases. 
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dust and entrapped particulates may be employed. Those skilled in the art are adept 
at selecting, preparing and producing such solutions In the desired consistency. 

If desired, certain piping systems and drains may be isolated to prevent 
unwanted migration of the cleaning solution. An anti-foam Injection manifold (see Fig. 
6) is instaHed within the'exhaust housing to break the foamed solvent to a liquid for 
removal. Drains are positioned for adequate drainage during and atter the chemical 
cleaning. Finally, the system may be tested for leaks by pumping a foamed water 
solution therethrough at about 15 galtons per minute. 

Wrth reference to Fig. 2, cleaning is commenced by pumping the foamed 
cleaning solution through hose connections 18 in manifold 10 and Into compressor 
section 102 through compressor inlet 20 as Indicated by the arrow. The foamed 
solution passes through compressor section 102, removing deposits adhering to the 
internal surfaces, including stationary vanes 32 and rotating blades 34. The foamed 
solution continues through oombuetton sectton Inlet 46 as indicated by the arrow, 
passing through turbine section 108 before exiting through exhaust section 70 where 
it is coilapaed with an appropriate anti-foam. 

While the methods of the present invention may be peribmied by simply pumping 
a predetermined quantity of foamed cleaning solution through the combustfon turbine, 
in a prefemsd method samples of the collapsed foam 92 are taken and analyzed to 
determine the concentration of specific contaminants therein in onJer to estimate the 
completeness of the cleaning operation. Thus, when the concentration of contaminants 
in the collapsed foam drops below a predetemriined level, the cleaning operatton may 
t>e8tot^ed. 

Any foamed cleaning solution remaining within compressor secflon 102 may be 
removed by pumping a conventtonai foamed water rinse soiutfon through manifold 10 
«nd compressor sectton 1 02. An appropriate rinse comprises a foamed water soiutfon 
to flush out all of the remaining cleaning soiutfon. The fioamed water solution should 
be pumped until no trace offhe cleaning sduaon is detected In the collapsed liquid 
exiting the turbine. Foliowing the rinse, the turbine may be cranked at a speed, e.g., 
at about 500-1500 RPM. preferably at about 1000 RPM, and fora time, typically about 
10-30 minutes, sufRdent to dry the compr^sor. 
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Vymfle the foregoing memodwaieiflclently dean conteminants and residue found 
In the compressor section of combustion turbines. It is generally not effective in 
removing deposits formed In tliotuibino section. Fuels, partlculariy liquid fuels, contain 
additives to aid in the combustion process. Those additives, together with naturally 
oocurring metals and metals picked up during the relining process, produce residues 
causing fouling of the combustion turbine blades. These combustion product residues, 
comprising metals, sheUacs, varnishes and the lilce restrict th© openings between the 
rotating blades and the stationary vanes, resuitir^ In loss of power and efficiency in the 
turbine section. These deposits are typically not soluble in the mild, 0.9.. surfactant, 
cleaning solutions used to dean the compressor section. Thus, a second stronger 
cleaning solution Is typically required. 

Those skilled in the art are familiar wiUi many appropriate deanbig solutions for 
removal of these deposits. Oiganic adds, partlculariy cariaoxyilc acids having six or 
fewer carfcon atoms, e.g., formic acid, acetic add, hydro3<yacetic add, citric add and 
mixtures and salts thereof may be appropriate for many contaminants. Other adds 
which may be appropriatefor specific applications indude salicylic acid, erythortjic add. 
oxalic add, gluconic acid and mixtures thereof. 

For other contaminants, fnonganic acids, partlculariy the mineral acids, e.g., 
suHliric, phosphoric, nitric, and hydrochloric acid may be preferred. Other adds include 
boric add, ammonium bifluoride, anmionium fluoride, chromic acid, hydrofluoric add, 
sulfamic acid and mixtures thereof may also be appropriate. 

In some applications, complex adds, induding ethyienediaminetetraacetic add 
(EDTA), hydroxyethylenedlamlnetriacetic acid (HEDTA), salts of such acids and 
mixtures thereof, either alone or with other organic and inorganic, acids may be used- 
Other complex acids or chelates Include acrylic acid/maleic acids copolymers, 
di^hylene triaminepenta (methylene) phosphonic add, hexapotasslum hexamethylene 
dlan*Tet6fra(methylen6)phosphonate,dietfTylenetriaminepentaac6llcadd,phosphino 
polycarisoxylicacid, hydra)Qr-ethylidene diphosphonicadd, nitroiotriaceticacid, sodium 
polymethacrylate, sodium saRs of acrylic oopolymere, sorbitol, tolyltriazole, 
benzotriazole, N-hydro)Qretiyienedlamfrie triacetic add, and mbcbires and salts, 
particidariy the sodium and ammonium salts, thereof. 
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Aquaous solutions of the selected adds, generally comprising about 2-20 
percent add, preferablyaboutS-10 peix»nt add, togetherwrth a conventional foaming 
agent and corrosion Inhibitor are prepared and foamed as described above. 
Exemplary corrosion inhaittors Include 3-alkoxy (12-15)-2-hydroxy-N-propyIhimetliyl 
ammonlumchloride. aikanolamidss. alkyi pyridine quaternary amines, fettyimidazoirne- 
1-hydraxyethyl 2-heptadecyl imidazoline, lauryi hydroxyethyl Imidazoline, oxazolidine 
blends and mixtures thereof. Many corrosion inhibitors ai^ available in the commercial 
market indudftig Ar300 and A-224 mariteted t>y Hydrochem Industrial Sewices; 
AmfTOhIb 31 mariceted by Akzo Nobel; Chronox 240, marketed by Balrar Peribmiance 
Chemicals; IWiranol CS Concentrate, marketed by IRhodIa; Rodlne 2000. Rodlne 2002, 
Rodine 31A and Rodlne 95 marketed by Henkel; and InWbtor 60Q and Inhibitor eos 
marketed by Tomah. Those skilled in the art will be readily able to select the best acid 
and corrosion inhibitor for each applk»tk)n based upon the knovm or suspected 
contaminants. 

These harsher cleaning solutions are then pumped through oombusffon section 
106 and turbine section 108 In a line 56 attached to atomlzation chamber 104. 
Because these harsher cleaning soluttons might damage the components, particulariy 
the predsely defined surfaces of vanes 32 and Wades 34. in compressor section 102. 
the compressor section must be Isolated from contact with this second, foamed 
cleaning solution. The prefen^ method for achieving this isolation comprises the step 
of pumping a first foamed deaning solution, typically an aqueous surfactant solution, 
through compressor sectton 102. By maintaining the flow of this firet foamed deaning 

solution thn)ughcomprBS8orsectk)n102, the harsher second, foamed deaning solutfon 
pumped via lines SSfhrough injectors 54 Into combustion chamber 60 is prevented from 
flowing backward through fnl^ 46 into compressor sectkMfi 102. Thus, while a first, 
foamed deanirig solution attacks ttie greases, oils, dirts and the like typically found in 
compressor sectton 102, a second, harsher foamed deaning solution attacks the 
metals, ojddes, varnishes arxt shellacs typically found fn combustion sectton 106 and 
turbine sectton 108. 

These foamed deaning soIuSons exitturisine sedfon 108 via exhaust section 70 
as illustrated by the arrow In Rg. 2. Upon exiting turbine sectton 108, these foams must 
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«NI««on. Bs. S an .xempfary manifold for us/h 

^mg^^lcam.. In «« ,„e»,ods <rf»» pr«e„i i„ven«on. foam 80 exIUng «,rt>l« 
»««o„ 106 *rou8h exhaurt »cao„ 70 1, ^myad with any convenaonal antl*an*g 

Sanplinoof*e««,M„B«^92™j,^p^^,^,y^^^^^ 

'i^y^foran^olsu.^«,„t,„^_ Upon detanr-rtng that Ihe 
»n«ntraB<«ofoTOormo»«Nectedcontanr«^ 

«.nfam»«n<s. the degree of eontamhaton. the ael«ted the concenlraflon 

<N««fandtheope«»ngtenver»tureane(««thecl8anln9llme. In typical sKuafcrn, 
acceptable result, are achle«d within 8-10 houra. Altowha th» fcr shutdown and 

.nstalaHonofthe™rtfo«10andaaeoo«edequlpn»mp,,orto<teaninB.k^ 

tn« for ccnducang a foan«d w«er rfnse Ibllowed by d»yino Of *e compmaso, and 
removal of the manifold, afoamed deanlnfl operation canity be completed Inlea. 

than 24 hours. 

The foregoing description has been dineded in primary part to a partlcufar 
preferred embodiment In accord with the requirements of the Patm Statute and tor 
purposes of explanation and Illustration. It will be apparent, however, to those skiUed 
In the art that many modlfiGafjons and changes in the specJflcaUy described apparatus 
and methods may be made without departing from the litie scope and spirit of «ie 
invention. 

Therefore, the Invention is not restricted to the preferred embodiment described 
and lilusttBted but covera all modlficaUons which may f^ii within the scope of the 
following claims. 
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What is claimed te: 

1, A method fbrcleaning a oambudtfon turbine ha>/ing a TOmpressorsecton, 
a combustion section and a turbine section, comprising: 

preparing a ibamed cleaning scdufion suftabie for removing contaminants 
produced during tlie combustion process and deposited on the Internal surfaces of said 
combustion and turbine sections without banning said hitsmai surface; 

pumfring said Ibamed cleaning solution through said combustion and 
turbine sections while preventing said solution from entering said compressor section; 
and 

removing said foamed deaning solution fix)m said oombu^n turbine. 

2. The method of Claim 1 wherein said foamed cleaning soluiion fills said 
combustion and turioine sections. 

3 The method of Clafrn 1 further comprising monitorlr^ said removed 
cleaning solution determine the progress of said deanlng. 

4 The method of Claim 1 ftirther comprising contacting said foamed 
cleaning solution with an anti-foaming agentaflersald solution exits said turbine section 
fo break said foam to a liquid 

5. The method of Claim 1 further comprising rinsing said turialne by pumping 
a foamed water rinse through said combustion and turbine sections at the conclusion 
of said cleaning. 

6. The method of Claim 5 further comprising drying said turbine by turning 
said ^rbine at a speed and for a time sufficient to effect said drying. 

7. The method of Claim 1 wherein said foamed cleaning solution comprises 
water, an acid and a foaming agent. 

8. The method of Claim 1 wherein lite temperature of said foamed solution 
Is mainlined between about 40-20{rF during said pumplr^. 

9. The method of Claim 1 wherein said solution is pumped at a rafeof about 
10-20 galcHis per m&iute. 

10. The method of Claim 1 ftirttier oon^rising turning said turbine at a speed 
not exceeding about 10 RPM during said pumping. 

1 1 . The method of Claim 1 further <»mprtsing: 
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preparing a second fiDamed cleaning solution capable of removing 
contaminants ingested through tiie air Intake of said compressor and deposited on the 
Internal suriaces of said oompressor section^ and 

flljlng said compressorsection with said second foamed cleaning solution 
prior to pumping said first toamed cleaning sofufion through said combustion and 
tuitine sections to prevent said first foamed cleaning solution from entering said 
«>mpressor section. 

12. The method of Qaim 1 1 wherein said second foamed cleaning solutton 
comprises an aqueous surfactant solution, 

13. The metliod of Claim 1 1 wherein at least one of said foamed deaning 
solutions Indudes a corrosion inhibitor. 

14. A method for deaning a combustion turiblne having a oompressor sectton, 
a combustion secUon and a turbine section, oomprislng; 

preparing a fo^ed cleaning solution; 

pumping said foamed cleaning solution through said compressorsection 
of said combustion turi3ine; and 

removing said foamed deaning soluSon from said combusfion turbine. 

1 5. The method of Claim 14 wherein said foamed cleaning solution fills said 
compressor section. 

1 6. The methcKl of Claim 14 wherein said foamed cleaning solution comprises 
an aqueous solution of a surfactant. 

17. The method of Claim 16 wherein said foamed deaning solution further 
comprises a foaming agent. 

18. The method of Claim 17 wherein said foamed deaning solution further 
comprises a corrosion Inhibitor. 

19. The method of Claim 14 further comprising contacting said foamed 
deaning solution with an anti-foaming agent after said solution exits said turi>lne section 
to break said foam to a liquid. 

20. The method of Claim 14 wherein said foamed deaning solution is 
pumped at a rate of about 10^20 gallons per minute and at a temperature of about 1 50- 
180^F. 
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21 . The method of Claim 20 further comprfsing turning said turbine at a $peed 
not exceeding about 10 RPM during said pumping. 

22. The method of Claim 14 farther comprising monitoring said removed 
cleaning solution to determine the progress of said cleaning. 

23. The mettiod of Claim 14furthercomprislng pumping a foamed waterrinse 
through said compressor section at the conclusion of said cleaning followed by tuming 
said turbine at a speed and for a time sufficient to dry said turbine. 

24. Amethodforcleaninga combustionturbinehaving acompressorsectlon, 
a combustion section and a tiiri^ine section^ comprising; 

preparing a first foamed cleaning solution; 

pumping said first foamed cleaning solution through said compressor 

section; 

preparing a second foamed cleaning solution; 

while continuing to pump swd first foanmd cleaning solution through said 
compressor section, pumphig said second foamed cleaning solution thn3ugh said 
combustion and turbine sections of said combustion turbine; aiKl 

removing said foamed cleaning solutions ftom said combustion turbine. 

25. The method of claim 24 wherefn said first foamed cleaning solution f»ls 
said compressor section. 

26. The method of Claim 25 wherein said first foamed cleaning solution 
comprises an aqueous surfactant solution and wherein said second foamed cleaning 
solution comprises water, an add and a foaming agent. 

27. The method of CJaim 26 wherein at least one of said foamed cleaning 
solutions further comprises a conx>sion Inhibitor. 

28. The method of Claim 24 further comprising contacting said first and 
second foamed cleaning solutions with an anti-foaming agent after said solutions exit 
said turbine section to breaic said foam to a liquid, 

29. The method of Claim 24 wherein said foamed cleaning solutions are 
pumped at the rate of about 10-20 gallons per mfnuta 

30. The method of Claim 29 wherein said foamed cleaning solutions ace 
maintained at a temperature of about IS&'ISO^'F during said pumping. 



wo 01/91932 



FCTArSOl/16637 



-23- 

31, The method of Claim 24 further comprising monitoring said i^covered 
liquid to determine the progress of said deaning^ 

32- The method of Claim 24 further comprising pumping a foamed water rinse 
through said compressor, combustion and turbine sections at the conclusion of said 
> cieaning. 

33. The method of Claim 32 further comprising turning said turbine at a speed 
and for a time sufficient to dry said turbine. 
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FIG. 3 
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